
c-Kit pharmDxTM 

Code K1906 
25 tests for manual use 

Intended use For In Vitro Diagnostic Use 

The c-Kit pharmDxW assay is a qualitative immunohistochemical (IHC) kit system used for the identification of c-kit 
protein/CD1 17 antigen (c-kit protein) expression in normal and neoplastic formalin-fixed paraffin-embedded tissues 
for histological evaluation. 
The c-Kit pharmDxTM rabbit polyclonal antibodies specifically detect the c-kit protein in CD1 17 antigenexpressing 
cells. 

The c-Kit pharmDxW is indicated as an aid in the differential diagnosis of gastrointestinal stromal tumors (GIST). 
After diagnosis of GIST, results from c-Kit phannDx may be used as an aid in identifying those patients eligible for 
treatment with Gleevec”/GlivecQ(imatinib mesylate). 

Results from hematoxylin and eosin (H&E) stains and a panel of antibodies can aid in the differential diagnosis of 
GIST. Interpretation must be made by a qualified pathologist, within the context of a patient’s clinical history, proper 
controls, and other diagnostic tests, 

Note: This test is not intended as the sole basis for making the diagnosis of GIST and is not intended as the sole 
basis for selecting GleevecJGlivec therapy. The outcome of okit negative GIST patients treated with 
Gleevec/Glivec has not been established. A negative result would not necessarily exclude the diagnosis of 
GIST, nor should it preclude treatment with GleeveclGlivec 1.2*3 

All subjects in the Novartis GleevecIGlivec clinical trials were selected using an investigational Novartls 
Clinical trial protocol (NCTP). The primary antic-Kit rabbit polycional antibody reagent used in the NCTP was 
purchased from DakoCytomation. The oKit pharmDx primary polydonal antibody reagent underwent the 
same method of production, purification and quality control as did the NCTP polyclonal anti-c-Kit reagent. 

Summary Introduction 
and explanation The proto-oncogene okit, otherwise known as CD1 17 antigen or Stem Cell Factor Receptor, is a 145 kD type Ill 

transmembrane tyrosine kinase receptor. The c-kit gene encodes a transmembrane tyrasine kinase receptor 
structurally similar to platelet derived growth factor receptors A and B as well as the colony stimulating factor 1 
receptor and is thought to play an important role in hematopoiesis. spermatogenesis, and melanogenesis. The c-kit 
protein contains extracellular domains with 5 Ig-like loops, a highly hydrophobic transmembrane domain, 
and an intracellular domain with tyrosine kinase activity split by a kinase insert in an ATP-binding region and in 
a phosphotransferase domain. Receptor activation is accompanied by receptor dimerlzation, substrate 
phosphorylation and autophosphoryfation, receptor internalization, activation of protein kinases and 
phospholipases, and transcription of different proto-oncogenes.’ The c-kit tyrosine klnase receptor pathway has 
been shown to be important for tumor growth and progression in several cancers5 Mutations in the 
c-kit gene may lead to ligand independent phosphorylation (activation) of the c-kit tyrosine kinase. which are 
believed to have a central pathogenic role in e.g. gastrointestinal stromal tumors.’ 

Gastrointestinal mesenchymal tumors have historically been difficult to differentiate and diagnose. In 2001, imatinib 
mesylate (GleevecTU, Novartis. Basel, Switzerland) was approved by the US Food and Drug Administration for the 
treatment of gastrointestinal stromal tumors (GIST). Approval was based on a clinical study in which adults with 
GIST that expressed c-kit protein demonstrated by immunohistochemistry (Nova&is Clinical Trial Protocol) were 
enrolled and treated with imatinib mesylate.’ 

GIST cases are described as three morphologic categories: spindle cell, epithelioid and mixed types. Regardless of 
morphology, the majority of GIST’s express c-kit protein in a significant proportion of the tumor cell~.~” It should be 
noted that a small percentage of GIST’s do not express okit protein. Relatively few other tumors may be c-kit 
protein positive. These indude metastatic melanoma, angiosarcoma. Ewing sarcoma, mastocytoma. seminoma, 
and pulmonary small cell carcinoma. GIST are usually also positive for heavy molecular-weight caldesmon. often 
positive for CD34 @O-60%), and generally negative for desmin and SlOO protein.” 

Specificity 
Rabbit anti-c-kit polyclonal c-kit antibodies were obtained by subcutaneous injection of a 14 mer peptide (positions 
963-976 of the intracellular C’ terminus of the c-kit protein) coupled to thyroglobulin. The antiserum was specifically 
purified through antigen-bound, activated thiol AvidGel F affinity chromatography. 

(placeholder) 

A small number of soft tissue sarcomas have also been found to be c-kit protein positive.” Some of these 
specimens (e.g. leiomyosarcoma) were tested for c-kit expression. The study involved a comparison between the 
c-Kit pharmDxm assay and the Novartis Clinical Trial Protocol (NCTP) as used for the selection of patients for 
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Reagents Code K1906 is for Manual Staining. 

treatment with Gleevec” in the clinrcal trials performed by Novartis. Two of a total of twenty eight specimens 
tested displayed positive staining. The result was consistent using the two protocols. All positive immunostaining 
was abolished after absorption of the primary antibody with a synthetic peptide (16 amino acid C-terminal end of the 
c-kit protein). Therefore the primaly antibody used in the c-Kit pharmDxTM assay specifically reacted with the c-kit 
protein in the two positively stained soft tissue sarcomas. 
In-house studies using c-Kit pharmDx demonstrated c-kit protein expression in a variety of normal cells. These cells 
Include ductal and myoepithelial cells of the breast, purkinje cell processes, lamina propria cells of the colon, tubular 
epithelium of the kidney, melanocytes and myoepithelial cells of the skin, interstitial Cells of Cajal of the small 
intestine, and mast cells. The cytoplasmic reactivity in granulocytes was caused by endogenous peroxidase activity 
and was visible with the Negative Control Reagent. 

The materials listed are sufficient for 25 tests (25 patient slides and 10 control slides incubated with primary 
antibody reagent to c-kit protein and 25 slides incubated with the corresponding Negative Control Reagent). 
The number of tests is based on the use of the oKit pharmDx m Manual protocol with ready-to-use reagents 

The kit provides materials sufficient for a maximum of 10 individual staining runs. 

Materials provided Quantity 
1x4 mL 

Description 
Polyclonal Rabbit IgG 

NABSIT ANTIHUMAN 

Polyclonal rabbit anti-human okit IgG in a Tris-HCI buffer, containing stabilizing protein and 
0.015 moVL sodium azide. 

1x4 mL Control Reagent 

NEGATIVE CONTROL 

Polydonal rabbit IgG at a greater than or equal to the positive anti-c-kit concentration in a Tris- 
HCI buffer, containing stabilizing protein and 0.015 mol/L sodium azide. 

2x5 slides c-Kit phamDxnl Control Slides 

piiiiq 

Each slide contains sections of two pelleted, formalin-fixed, paraffin-embedded mouse (+) and 
human (-) cell lines, which represent both moderate and no expression levels of okit protein. The 
IHC staining scores of the cell pellets are 2+ and 0. 

Principle of 
procedure 

The c-Kit pharmDx”” IHC kit contains polyclonal antibodies and control slides to complete an IHC staining 
procedure for fonnalin-fixed and paraffin-embedded specimens. Following incubation with the primary polydonal 
antibodies to human c-kit protein, this kit is optimized for use with a ready-to-use visualization reagent based on 
dextran technology. This reagent consists of both secondary goat anti-rabbit antibody molecules and horseradish 
peroxidase molecules linked to a common dextran polymer backbone, thus eliminating the need for sequential 
application of link antibody and peroxidase conjugate. The enzymatic conversion of the subsequently added 
chromogen results in formation of a visible reaction product at the antigen site. The specimen may then be 
counterstained and coverslipped. Results are interpreted using a light microscope. Control slides containing two 
formalin-fixed paraffin-embedded mouse and human cell lines with staining intensity scores of 2+ and 0, 
respectively, are provided for quality control of the kit reagent performance. 

Materials required, 
but not supplied 

(placeholder) 

The oKit pharmDxm IHC protocol was validated using the following DakoCytomation staining reagents: 
Wash Buffer (code S3006) 
Dual Endogenous Enzyme Block (code S2003) 
Target Retrieval Solution (code S1699 8 Sl700) 
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Envision+ HRP, Rabbit (code K4002 & K4003) 
DAB+ (code K3467 & K3468) 

Note: To ensure proper staining results, only these staining reagents should be used with c-Kit pharmDx”. 
Deviations from this recommended protocol have not been validated. 

Other materials required to perform c-Kit phamtDxm include the following: 
Ammonium hydroxide, 15 mol/L diluted to 0.037 mol/L 
Hematoxylin, alcohol or water-based such as DakoCytomation’s Hematoxykn (code S3301 or S3302) 
Coverslips 
Water bath, capable of maintaining 9!5-99°C or pressure cooker, capable of heating up to 121’C 
Distilled or deionized water (reagentquality water) 
Drying oven, capable of maintaining 56-6o’C 
Ethanol, absolute and 95% 
Light microscope (4x-40x objective magnification) 
Mounting medium, such as DakoCytomation’s Far-amount (cede S3025) 

or DakoCytomation’s Glycergel (code CO563) or DakoCytomation’s Ultramount (code S1964) 
Positive and negative tissues to use as process controls (see Quality control section) 
Slides, Fishers Super-Frost Plus, poly-L-lysinecoated slides, charged slides, 

or’DakoCytomation’s Silanized Slides (code S3003) (see Specimen preparation section) 
Staining jars or baths 
Timer (capable of 2-30 minute intervals) 
Wash bottle 
Xylene, toluene, or xylene substitutes 
1 mL pipette 
Humid Chamber 

Precautions 

Storage 

Note: All reagents included or available separately such as DakoCytomation’s Wash Buffer (code S3006) are 
formulated specifically for use with this test. In order for the test to perform as specified, no substitutions can be 
made. 

1. For professional users. For In Vitro Diagnostic Use. 
2. This product contains sodium azide (NaNa). a chemical that is highly toxic in pure form. At product 

concentrations, though not classified as hazardous, build-ups of NaNJ that may react with lead and copper 
plumbing to form highly explosive metal azides. Upon disposal, flush with large volumes of water to prevent 
azide build-up in plumbing.13 

3. As with any product derived from biological sources, proper handling procedures should be used for reagents 
as well as specimens .” 

4. Incubation times, temperatures, or methods other than those specified may give erroneous results. 
5. Do not substitute primary antibodies or negative control reagents with primary antibodies and negative control 

reagents of different manufactured lots (lot numbers appear on vial labels) or with reagents from other 
manufacturers. This may give erroneous results. 

6. The kit reagents are optimally diluted for use with the recommended reagents.. Further dilution is not 
recommended and may result in loss of antigen staining. The user must verify any such changes.” 

7. Wear appropriate Personal Protective Equipment to avoid contact with eyes and skin.” 
8. Unused solution should be disposed of according to local, State, and Federal regulations. 

Risk and Safety Statements 
DAB Chromogen 
R 40 Limited evidence of a carcinogenic effect. 
R43 May cause sensitization by skin contact. 
R68 Possible risk of irreversible effects. 
s35 This material and its container must be disposed of in a safe way. 
S 36137 Wear suitable protective clothing and gloves. 

Store c-Kit phannDxTH kit at 2-8”C. 

Control slides must also be stored at 2-8’C. 

Do not use the kit after the expiration date printed on the outside of the kit box. There are no obvious signs to 
indicate instability of this product, therefore, positive and negative controls should be run simultaneously with 
patient specimens. If the reagents are stored under any conditions other than those spedfied in the package insert, 
they must be validated by the user.” 

Specimen 
preparation 

Biopsy specimens must be handled to preserve the tissue for IHC staining. Standard methods of tissue processing 
should be used for all specimens.‘6 

Paraftin-embedded sections 
Formalin-fixed and paraffinembedded tissues are suitable for use. Alternative fixatives have not been validated 
and may give erroneous results. Specimens from the biopsy should be blocked into a thidtness of 3 or 4 mm and 

(placeholder) 

305757EFG-062905 p. 3/I 5 



fixed for the time period appropriate for the fixative. The &sues are then dehydrated and cleared in a series of 
alcohols and xylene, followed by mfiltration by melted paraffin. The paraffin temperature should not exceed 60°C. 
Properly fixed and embedded tissue blocks expressing the c-kit protein will keep indefinitely prior to sectioning and 
slide mounting if stored in a cool place (1 5+25”C).‘6, ’ 

Tissue specimens should be cut into sectlons of 3-5 pm. After sectioning, Issues should be mounted on Fishers 
SuperFrost Plus, DakoCytomation’s Silanized (code S3003), charged slides or poly-L-lysine coated slides and 
placed in drying racks. The slide racks should be pounded on an absorbent towel to remove water trapped under 
paraffin and on glass and then dried at room temperature for one hour. The rack of slides should then be placed in 
a 5660°C incubator for one hour. Any excess water remaining on slides after removal from the incubator should be 
removed by pounding slides on towels and drying for one additional hour in the incubator. After removal from the 
incubator, slides should be held at room temperature until cool and paraffin has hardened. To preserve 
antigenicity, tissue sections, mounted on slides, should be stained within 2 months of sectioning when held at room 
temperature (20-25°C). Consult the DakoCytomation Handbook: ‘Immunochemical Staining Methods”” or 
References 16 and 17 for further details on specimen preparation. 

The use of decalcified tissues has not been validated and is not recommended. The slides required for c-kit 
evaluation and verification of tumor presence should be prepared at the same time. A minimum of 5 slides should 
be prepared, 1 slide for tumor presence, 2 slides for c-kit protein evaluation, and 2 slides for back-up. 

Reagent preparation The following reagents must be prepared prior to staining: 

Target Retrieval Solution 
Prepare a sufficient quantity of Target Retrieval Solution by diluting Target Retrieval Solution 10x 1:lO using 
distilled or deionized water (reagent-quality water) for the wash steps. Discard Target Retrieval Solution after use. 
Note: When using DakoCytomation’s Target Retrieval Solution (Code S1700) no dilution is necessary. 

Wash Buffer Solution 
Prepare a sufficient quantity of Wash Buffer by diluting Wash Buffer 10x, 1:lO using distilled or deionized water 
(reagentquality water) for the wash steps. Store unused solution at 26% for no more that 7 days. Discard buffer if 
cloudy in appearance. 

SubstrateChromogen Solution (DAB+) 
This solution should be mixed thoroughly prior to use. Any precipitate developing in the solution does not affect 
staining quality. 
To prepare DAB+ Substrate-Chromogen Solution, add 1 drop of Liquid DAB+ Chromogen to one mL of DAB+ 
Substrate Buffer and mix. Discard any unused solution. 

Stability of prepared DAB+ is approximately 5 days when stored at 2-6X. 

Important Note: The color of the Liquid DAB+ Chromogen in the bottle may vary from dear to light lavender-brown. 
This will not affect the performance of this product. Dilute per the guidelines above. Addition of excess Liquid DAB+ 
Chromogen to the DAB+ Substrate Buffer will result in deterioration of the positive signal. 

Counterstain 
Prepare ammonia water for counterstain bluing if required. 

Ammonia water (0.037 mot/L) is prepared by mixing 2.5 (kO.5) mL of 15 mol/L (concentrated) ammonium hydroxide 
with 1 liter of reagent quality water. Unused 0.037 mol/L ammonia water may be stored at room temperature 
(20-25’C) in a tightly capped bottle for up to 12 months. 

Mounting Medium 
Mounting media such as DakoCytomation’s Faramount Aqueous Mounting Medium, Ready-to-use (code S3025) or 
DakoCytomation’s Glycergel Mounting Medium (code CO563) is recommended for aqueous mounting. Liquify 
Glycergel by warming to approximately 40(*5)“C prior to use. 

Non-aqueous, permanent mounting is also suitable, such as DakoCytomation’s Ultramount (code S1964). 

Staining procedure 
for manual use 

Procedural Notes 
The user should read these instructions carefully and become familiar with all components prior to use 
(see Precautions). 

All reagents should be equilibrated to room temperature (20-25X) prior to immunostaining. Likewise. all 
incubations should be performed at room temperature. 

Do not allow tissue sections to dry during the staining procedure. Dried tissue sections may display increased 
nonspecific staining. To avoid drying place slides in a humid chamber. 

Note: The reagents and instructions supplied in this system have been designed for optimal performance when 
used with the recommended reagents and materials. Further dilution of the reagents or alteration of incubation 
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305757EFG-062905 p. 4115 



times or temperatures may give erroneous or discordant results. 

Deparaffinization and Rehydration 
Prior to staining, tissue slides must be deparaffinized to remove embedding medium and rehydrated. Avoid 
incomplete removal of paraffin. Residual embedding medium will result in increased nonspecific staining. 

STEP 1. Place slrdes in a xylene bath and incubate for 5 (kl) minutes. Change baths and repeat once. 
STEP 2. Tap off excess liquid and place slides in absolute ethanol for 3 (+l) minutes. Change baths and repeat 

once. 
STEP 3. Tap off excess liquid and place slides in 95% ethanol for 3 (kl) minutes. Change baths and repeat 

once. 
STEP 4. Tap off excess liquid and place slides in reagentquality water for 5 (kl) minutes. 
STEP 5. Tap off excess liquid and place slides in Wash Buffer. Begin assay as outlined 

in Staining Procedure. 

Xylene and alcohol solutions should be changed after 40 slides. 

Toluene or xylene substitutes, such as Histoclear”, may be used in place of xylene. 

Pretreatment 
Recommended procedure: Water Bath 
STEP 1. Fill staining jars, e.g. Copiin jars, with the diluted Target Retrieval Solution (see Reagent preparation). 

Place staining jars containing Target Retrieval Solution in water bath. Heat water bath and the Target 
Retrieval Solution to 95-QQ’C (do not boil). Cover jars with lids to stabilize the temperature and avoid 
evaporation. 

STEP 2. Immerse room temperature deparaffinized sections in the preheated Target Retrieval Sdution in the 
staining jars. Re-equilibrate temperature of the water bath and the Target Retrieval Solution back to 
95-99°C. Incubate for 20 (il) minutes at 96-QQZ. 

STEP 3. Remove the entire jar with slides from the water bath. Allow the slides to cool in the Target Retrieval 
Solution for 20 (*l) minutes at room temperature. 

STEP 4. Decant Target Retrieval Solution and rinse sections in Wash Buffer (see Reagent Preparation). 
STEP 5. For optimal performance, soak sections in Wash Buffer for 5 (kl) minutes after target retrieval and prior 

to staining. 

Recommended Drocedure: Pressure Cooker 1121°C) 
STEP 1. 
STEP 2. 
STEP 3. 
STEP 4. 
STEP 5. 
STEP 6. 
STEP 7. 

Fill staining jars, e.g. Coplin jars. with the diluted Target Retrieval Solution (see Reagent Preparation). 
Immerse room temperature deparaffinized sections into Target Retrieval Solution in the staining jars. 
Place staining jars into the pressure cooker and tighten the lid. 
Incubate in a pressure cooker set at 121°C for 5 minutes. Allow to cool without venting. 
When pressure has released remove the entire jar with slides from the pressure cooker. 
Decant Target Retrieval Solution and rinse sections in Wash Buffer (see Reagent Preparation). 

For optimal performance, soak sections in Wash Buffer for 5 (il) minutes afier target retrieval and 
prior to staining. 

Note: The Target Retrieval Sotution is designed for single use application only. Do not re-use. 

Manual Staining Protocol 
STEP 1. Dual Endogenous Enzyme Block 

Tap off excess water. Using a linttess tissue, carefully wipe around the specimen to remove 
any remaining liquid and to keep reagent within the prescribed area. 
Apply enough Dual Endogenous Enzyme Block to cover specimen [minimum 3 drops (lOOpL)]. 
Incubate 5 (kl) minutes. 
Rinse gently with Wash Buffer from a wash bottle (do not focus stream directly on tissue or tissue may 
be washed off of slide). 
Place in a fresh Wash Buffer bath for 5 (il) minutes. 

STEP 2. Primary Antibody or Negative Control Reagent 
Place slides in a humid chamber during the Primary Antibody/Negative Control Reagent and 
Labelled Polymer incubations to avoid drying of tissues. 
Tap off excess buffer and wipe slides as before. 
Apply enough Primary Antibody or Negative Control Reagent to cover specimen 
[minimum 3 drops (100 pL)]. 
Incubate 30 (fl) minutes in a humid chamber. 
Rinse slides as in Step 1. 

STEP 3. Envision + HRP. Rabbit 
Tap off excess buffer and wipe slides as before. 
Apply enough Labelled Polymer to cover specimen [minimum 3 drops (100 pL)]. 
Incubate 30 (il) minutes in a humid chamber. 
Rinse slrdes as in Step 1. 

STEP 4. DAB+ SubstrateChromogen Solution 

305757EFG-062905 p. 5t15 



Tap off excess buffer and wipe slides as before. 
Apply enough prepared DAB+ Substrate-Chromogen Solution to cover specimen 
[minimum 3 drops (100 pL)]. 
Incubate 10 (&l) minutes. 
Rinse gently wrth reagentquality water from a wash bottle (do not focus flow drrectly on tissue or tissue 
may be washed off of slide). 
Collect DAB+ Substrate-Chromogen Solution waste in a hazardous materials container for proper 
disposal. 
Place in a reagentquality water bath for 2-5 minutes. 

Proceed to Counterstain and Mounting. 

Counterstain The colored end-product of the staining reaction is alcohol and water insoluble. Hematoxytin, either alcohol or 
(instructions for water-based such as DakoCytomation Hematoxylin (code S3301, automated; or S3302, manual), may be used. 
Hematoxylin) Do not use regressive counterstains. 

Optional: Dip slides 10 times into a bath of 0.037 mot/L ammonia water (see Reagent preparation). 
The ammonia water step is not required when using Hematoxylin. 

STEP 1. Immerse slides in a bath of hematoxytin. Incubate for 2-5 minutes, depending on the strength of 
hematoxylin used. 

STEP 2. Rinse gently in a reagentquality water bath. Ensure that all residual hematoxylin has been cleared. 

Note: The use of DakoCytomation’s Hematoxyfin (code S3302) is strongly recommended. Using a 3-minute 
incubation, this counterstain produces a mild purple/blue end product that does not obscure specitic 
immunostaining. Strong counterstaining may mask weak c&it/CD1 17 expression. 

STEP 3. Rinse gently in a reagentquality water bath for 2-5 minutes. 

Mounting 

Quality Control 

Mounting media such as DakoCytomation’s Faramount Aqueous Mounting Medium, Ready-to-use (code S3025) or 
DakoCytomation’s Glycergel Mounting Medium (code CO563) is recommended for aqueous mounting. Liquitj 
Glycergel by warming to approximately 40(&5t5)‘C prior to use. 

Non-aqueous, permanent mounting is also suitable such as DakoCytomation’s Ultramount (code S1964). 

Note: It is recommended that slides are read within six weeks of staining. However, some fading may occur, 
depending on several factors induding, but not limited to; counterstaining, mounting materials and methods and 
slide storage conditions. To minimize fading, store slides in the dark at room temperature (20-25X). 

Deviations in the recommended procedures for tissue fixation, processing and embedding in the user’s laboratory 
may produce significant variability in results, necessitating regular performance of in-house controls in addition to 
the DakoCytomation-supplied Control Slides. In the USA, consult the quality control guidelines of the College of 
American Pathologists (CAP) Certification Program for lmmunohlstochemistry. See also CLIS Quality Assurance for 
lmmunocytochemistty Approved Guideline” and References 20-23 for additional information. 

c-Kit pharmDxn” Control Slides (provided) 
Each of the supplied Control Slides contains two pelleted, formalin-fixed, paraffin-embedded mouse (+) and human 
(-) cell lines with staining intensity scores of 2+ and 0. One slide should be stained in each staining procedure. The 
evaluation of the DakoCytomation-supplied Control Slide cell lines indicates the validity of the staining run. They 
should not be used as an aid in interpretation of patient results. 

Positive Control Tissue 
Controls should be fresh autopsyibiopsy/surgical specimens fixed, processed and embedded as soon as possible in 
the same manner as the patient sample(s). Positive tissue controls are indicative of correctly prepared tissues and 
proper staining techniques. One positive tissue control for each set of test conditions should be included in each 
staining run. 

The tissues used for the positive tissue controls should give weak positive staining so they can detect subtle 
changes in the primary antibody sensitivity. The Control Slides supplied with this system or specimens processed 
differently from the patient sample(s) validate reagent performance only and do not verify tissue preparation. 

Known positive tissue controls should only be utilized for monitoring the correct performance of processed tissues 
and test reagents, NOT as an aid in formulating a specific diagnosis of patient samples. If the positive tissue 
controls fail to demonstrate appropriate positive staining, results with the test specimens should be considered 
invalid. 

(placeholder) 
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Normal cell types that may be used as a weak c-kit positive control include basal epidennal melanocytes and 
glandular myoepithelial cells of the skin, as well as epithelial and myoepithelial cells of the breast. Strong internal 
controls can be neuronal (Interstitial cells of Cajal) and mast cells in the intestine. 

Negative Control Tissue 
Use a negative control tissue (known to be c-kit protein negative) fixed, processed and embedded in a manner 
identical to the patient sample(s) with each staining run to verify the specificity of the primary antibody and to 
provide an indication of specific background staining. The variety of different cell types present in most tissue 
sections offers internal negative control sites (this should be verified by the user). 

If specific staining occurs in the negative control tissue, results with the patient specimens should be considered 
invalid. Tissue elements which may be used as negative controls include cardiac myocytes of the heart. 
Pancreatic acinar cells are also c-kit negative, whereas pancreatic bile duct epithelium stains positively. 

Non-specific Negative Control Reagent 
Use the supplied Negative Control Reagent in place of the primary antibody with a section of each patient specimen 
to evaluate nonspecific staining and allow better interpretation of specific staining at the antigen site. The incubation 
period for the Negative Control Reagent should correspond to that of the primary antibody. 

When panels of antibodies are used on serial sections, the negatively staining areas of one slide may serve as 
negative/non-specific binding background controls for other antisera. 

Assay Vehation 
Prior to initial use of an antibody or staining system in a diagnostic procedure, the user should verify the antibody’s 
specificity by testing it on a series of in-house tissues with known IHC performance characteristics representing 
known positive and negative tissues. Refer to the Quality control procedures previously outlined in this section of 
the product insert and to the Quality control requirements of the CAP Certification Program for 
lmmunohistochemistry and/or CLIS Quality Assurance for Immunocytochemistry. Approved Guideline.” These 
quality control procedures should be repeated for each new antibody lot, or whenever there is a change in assay 
parameters. Gastrointestinal Stromal Tumors (GIST) with known c-kit protein staining intensities and negative 
tissues are suitable for assay verification. 

Table 1: The Purpose of Daily Quality Control 

Tissue: Specific Antibody 8 Detection Background: 
Fixed and Processed Like Patient System Non-specific Antibody (Rabbit 
Sample Negative Control Reagent) 

DakoCytomation-supplied Control Controls staining procedure only. 
Slide. The evaluation of the 

(DakoCytomation-supplied Control 
Slide cell lines indicates the validity 
of the staining run.) 

Positive Control: Tissue or cells Controls all steps of the analysis. Detection of non-specific background 
containing target antigen to be Validates reagents and procedures staining. 
detected (could be located in patient used for ckit protein shining, 
tissue). The ideal control is weaklv 
positive staining tissue to be m& 
sensitive to antibody 
or antigen degradation. 

Negative Control: Tissues or cells Detection of unintended antibody Detection of non-specific background 
expected to be negative (could be staining. 
located in patient tissue or positive 

cross-reactivity to cells/cellular 

control tissue). 
components 

Patient Tissue. Detection of specific staining. Detection of non-specific background 
staining. 

Interpretation of 
staining procedure 

Slide evaluation should be performed by a pathologist using a light microscope. All assessments are to be made on 
the tumor region of the specimen. For evaluation of the immunocytochemical staining and interpretation, an 
objective of 10x or 20x magnification is appropriate. 
degenerated cells often stain non-specifically.‘B 

Use intact cells for interpretation of staining results; necrotic or 
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Positive and negative staining cell lines are included in each c-Krt pharmDx TM krt to validate assay performance. 
Appropriate staining of the control slides provides evidence that the c-Kit pharmDxTL1 reagents are functioning 
property and the protocol has been performed accurately. No cytoplasmic staining of the HT-29 control cell line (0) 
and moderate brown cytoplasmic or paranuclear staining in the P815 control cell line (2+) indicates that the staining 
run is valid. Deviation from the optimal staining intensity of the positive control cell line (too weak or too strong) 
may result in a false negative or a false positive result and indicate that the test should be repeated. 

Evaluation of the positive tissue control should be performed. Weak staining of skin myoepithelial cells indicates 
that the reagents are working properly. If the positive tissue controls fail to demonstrate positive staining, any 
results with the test specimens should be considered invalid. 

The negative tissue control should be examined after the positive tissue control to verify the specificity of the 
labeling of the antigen by the primary antibody. The absence of specific staining in the negative tissue control 
confirms lack of antibody cross-reactivity to cells/cellular components. If specific staining occurs in the negative 
tissue control, results with the patient specimen should be considered invalid. Nonspecific staining, if present, 
usually has a diffuse appearance. Sporadic staining of connective tissue may also be observed in sections from 
excessively formalin-fixed tissues. Use intact cells for interpretation of staining results. 
cells often stain nonspedfically.20 

Necrotic or degenerated 

Examine patient specimens last. Positive staining intensity should be a ssessed within the context of any non- 
specific background staining of the negative reagent control. Interpretation of c-kit/CD1 17 protein expression must 
be made within the general morphological and clinical context of the tumor. There are three morphologic categories 
of GIST: spindle cell (70%) epithelioid (20%) or mixed types.*’ Regardless of morphology, the majority of GISTS 
express c-kit protein in a significant proportion of the tumor cells. Homogeneous immunostaining with o-Kit 
pharmDxnl is primarily seen in the cytoplasm, with or without a GolgiIparanudear (dot-like) pattern, and in the cell 
membranes, with either complete or incomplete drcumferenttal staining. Some cases show a heterogeneous (a 
mixture of strong or weak cytoplasmic and/or membranous) staining pattern. Staining has also been observed in the 
extracellular spaces. 
c-Kit phannDxT”” test results should be reported as positive or negative, using cytoplasmic and membrane staining 
as the evaluable structure (Table 2). Positivity for c-kit protein expression is defined as any specific cytoplasmic 
and/or membrane stainins in the tumor cells. Focal positivity or staining in less than 10% of tumor cells should be 
interpreted with caution. As wrth any immunohistochemistry test, a negative result means that the antigen was not 
detected, not that the antigen was absent in the cells/tissues assayed. It should also be noted that a small 
percentage of GISTS do not express c-kit protein. Therefore, absence of okit protein staining does not necessarily 
exclude the diagnosis of GIST. 

Table 2: oKit pharmDx”” Staining Results 

Report to treating physician 
c-kit protein negative 

okit protein positive 

Definition 
Absence of staining in the tumor cells. 

Positive staining is defined as any IHC staining of tumor cell cytoplasm 
and/or membranes above background level. 

Staining Intensity: l+, 2+, or 3+ 

If necessary, use a panel of antibodies to aid in the identification of false negative reactions. When staining is 
focally positive or too weak, additional testing should be considered to confirm a GIST diagnosis, Genetic testing 
as well as the staining patterns specified in Table 3 aid in the differentiation between GIST and other mesenchymal 
sarcomas. Refer to “Summary and Explanations,” and ‘Limitations and Performance characteristics”, for specific 
information regarding immunoreactivity. 

Table 3. lmmunohistochemical Schema for the Differential Diagnosis of Spindle Cell Tumors of the GI Tract.’ 

GIST 
Smooth muscle tumor 
Schwannoma 
Fibromatcsis 

ckit 

295% 

Disputed* 

CD34 

60-70% 
lo-15% 
Usually 

Rare 

SMA 
Smooth Muscle 

Actin 
30-40% 

+ 

+ 

s-100 

<5% 
Rare 

+ 

Desmin 

4% 
+ 

Rare 

(placeholder) 
305757EFG-062905 p. 8/l 5 



l Most,  but  not  a l l  au thors  repor t  that f ib romatoses a re  negat ive  for c-kit. 

Depend ing  o n  the incubat ion  length  a n d  potency of the hematoxy l in  used,  counters ta in ing wi l l  resul t  in  a  pa le  to 
dark  b lue  co lora t ron of the cel l  nucler .  Excess ive  counters ta in ing m a y  c o m p r o m i s e  interpretat ion of results. 

L imi tat ions G e n e r a l  l imi tat ions 
IHC is a  mul t is tep d iagnost ic  p rocess  that requ i res  spec ia l ized t ra in ing in  the se lect ion of the appropr ia te  reagents;  
t issue select ion,  f ixation, a n d  process ing;  p repara t ion  of the IHC sl ide; a n d  interpretat ion of the s ta in ing results. 

T issue sta in ing is dependen t  o n  the hand l i ng  a n d  p rocess ing  of the t issue pr io r  to staining.  Im p r o p e r  f ixation, 
f reezing,  thawing,  wash ing,  dry ing,  heat ing,  sect ioning,  o r  contaminat ion  wi th o ther  t issues o r  f lu ids m a y  p roduce  
artifacts, an t ibody t rapping,  o r  fa lse-negat ive results. inconsistent  resul ts m a y  b e  d u e  to var ia t ions in  f ixat ion a n d  
e m b e d d i n g  methods.  o r  to inherent  i r regular i t ies wi th in the t issue. 

T h e  c l in ical  in terpretat ion of any  posi t ive s ta in ing o r  its absence  must  b e  eva lua ted  wi th in the context  of c l in ical  
presentat ion,  mo rpho logy  a n d  other  h is topatho log ica l  cr i ter ia. T h e  c l in ical  in terpretat ion of any  staining,  o r  its 
absence  must  b e  comp lemen ted  by  morpho log ica l  s tudies a n d  p rope r  contro ls  as  wel l  as  o ther  d iagnost ic  tests. 
It is the responsib i l i ty  of a  qual i f ied pathologis t  w h o  is fami l iar  wi th the ant ibodies,  reagents  a n d  me thods  used  to 
interpret  the s ta ined preparat ion.  S ta in ing must  b e  pe r fo rmed  in  a  cert i f ied l i censed laboratory  unde r  the superv is ion  
of a  pathologis t  w h o  is respons ib le  for rev iew ing  the s ta ined s l ides a n d  assur ing  the adequacy  of posi t ive a n d  
negat ive  controls.  

Th is  product  is not  in tended for f low cytometry.  Pe r fo rmance  character ist ics have  not  b e e n  de te rm ined  for f low 
cytometry.  

T issues f rom persons  infected with hepat i t is  B  v i rus a n d  conta in ing hepat i t is  B  sur face ant igen ( H B s A g )  m a y  exhib i t  
nonspedf ic  s ta in ing wi th horserad ish  perox idase .=  

Reagen ts  m a y  demonst ra te  unexpec ted  react ions in  prev ious ly  untested t issues. T h e  possibi l i ty  of unexpec ted  
react ions even  in  tested t issue g roups  cannot  b e  comple te ly  e l im ina ted  d u e  to b io log ica l  var iabi l i ty  of an t igen 
express ion  in  neop lasms.  o r  o ther  patho log ica l  t issues.“Contact  DakoCytomat ion  technica l  suppor t  wi th 
documen ted  unexpec ted  react ions.  

Produc t  speci f ic  l imi tat ions 
A  sma l l  pe rcen tage  of G IS T S  d o  not  express  c-kit protein.  Therefore,  the absence  of oki i  s ta in ing does  not  e x d u d e  
the d iagnos is  of G IST.  False-pos i t ive resul ts m a y  b e  seen  d u e  to non - immuno log i ca l  b ind ing  of prote ins o r  
substrate react ion products.  They  m a y  a lso  b e  caused  by  pseudoperox idase  activity (ery thmcytes)  a n d  
e n d o g e n o u s  perox idase  activity (cy tochrome C).2’ 

For  op t ima l  a n d  reproduc ib le  results, the okit  pro te in  requ i res  target retr ieval  w h e n  t issues a re  rout ine ly  f ixed 
(neut ra l  buf fered fomla l in)  a n d  paraf f in e m b e d d e d .  

DakoCytomat ion  r e c o m m e n d s  the use  of oKi t  p h a r m D x  o n  a  Dako  Autos ta iner  o r  Autos ta iner  P lus.  Use  of c-Ki t  
p h a r m D x  o n  al ternat ive au tomated  p lat forms has  not  b e e n  va l idated a n d  m a y  g ive  e r roneous  results. 

S ta ined contro l  cel l  l ines shou ld  b e  used  on ly  for va l idat ion of the s ta in ing run  a n d  shou ld  not  b e  used  to score  the 
s ta in ing react ion in  t issue sect ions. 

Pe r fo rmance  
character ist ics 

S p e c i m e n s  p reserved  by  rout ine p rocess ing  in  neut ra l  buf fered formal in  a re  su i tab le for test ing wi th c-Ki t  
phannDxTU.  T issues f ixed in  a l ternat ive f ixat ives have  not  b e e n  val idated.  

specit ic i ty 
T h e  c-kit an t ibody reagent  has  b e e n  tested for react ivi ty aga inst  cel l  l ines express ing  c-kit protein.  In Wes te rn  
blot t ing of a  lysate of the sma l l  cel l  l ung  ca rc inoma cel l  l ine  S Y  that over -expresses  c-kit m R N A ,  the ant ibody 
reagent  l abe led  a  b a n d  of 1 4 5  kD co r respond ing  to the c-kit protein.  T h e  labe l led  b a n d  is ra ther  b road,  f rom 1 2 0  to 
1 5 5  kD. A n  add i t iona l  b a n d  of 1 0 0  kD was  a lso  label led.  Further,  app ly ing  a  second  anti-c-ki t  ant ibody,  a  1 0 0  kD 
prote in  was,  l ikewise,  label led.  Th is  labe l l ing  was  abo l i shed  w h e n  the ant ibody reagent  was  incubated  with the 
synthet ic c-kit pept ide  an t igen used  for immun iza t ion .28  In add i t iona l  studies, the c-kit an t ibody reagent  was  tested 
us ing  Wes te rn  blot t ing for cross-react iv i ty to prote ins that sha re  structural  homo logy ,  such  as; Plate let  Der i ved  
Growth  Factor  Receptor  (PDGFRa) .  m a c r o p h a g e  co lony  st imulat ing factor receptor  (c -FMS) ;  a n d  FMS- l i ke  tyros ine 
k inase  3  (FLT-3) .  N o  cross-react iv i ty was  obse rved  with these h o m o l o g o u s  proteins.  Fur thermore ,  in  Wes te rn  
blot t ing the DakoCytomat ion  ant ibody reagent  d id  not  react  wi th a  lysate of the adenoca rc i noma  cel l  l ine  HS,  wh ich  
does  not  express  the c-kit gene .27  

(p laceho lder )  

Compar i son  S tudies 
lmmunos ta in ing  us ing  the c-Ki t  p h a r m D x ” assay  was  pe r fo rmed  o n  formal in- f ixed pa ra f f i nembedded  sa rcomas  
a n d  mul t i - t issue ar rays  ( M T A s )  conta in ing a  se lect ion of sa rcomas  that i nduded  posi t ive a n d  negat ive  c-kit pro te in  
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expression. The tissues were tested using the c-Kit pharmDxTM assay after the use of the two recommended 
methods of heat induced epitope retrieval (HIER). Briefly, water bath (95-99°C) for 20 minutes and pressure cooker 
(121°C) for 5 minutes of heating, both followed by 20 minutes of cool down, were used as heat sources. The 
remaining steps of the staining procedure were identical. These assays were compared to a concurrently run 
simulation of the Novartis Clinical Trial Protocol (NCTP) that had been used previously to select patients for the 
clinical trial that obtained FDA approval for the use of GleevecIGlivec with diagnosed GIST patients. The NCTP 
used a 2X higher concentration of DakoCytomation primary polydonal antibody against c-kit (A4502) (the same 
reagent used in c-Kit pharmDx) and no HIER. Results from the concurrent comparison of the NCTP and the c-Kit 
pharmDxTH assay using pressure cooker as the heat source are listed in Table 4 and similar results (overall 
agreement = 98.7%) were seen when a water bath was used as a heat source. Percent positive and negative 
agreements were similar for the two comparisons. 

Table 4. 2x2 table of c-Kit pharmDxn” protocol with pressure cooker test results compared to “NCTP” test 
result 

c-Kit 
pharmDxTM 

Pressure 
Cooker 
TRTest 
Result 

Concurrent NCTP 
Assay Test Results 

Positive Negative Total 
n (%) n (%) 

Positive 3 (0.9) 191 

188 (60.8) 

Negative 1 (0.3) 117 (37.9) 118 

Total 189 120 309 
Percent Positive Agreement = 188/(188 +I); = 0.995 x 100 = 99.5% (95% exad Cl: ‘7.1% - 100%) 
Percent Negative AtVeement = 117/(117+3); = 0.975 x 100 = 97.5% (95% exact Cl: 92.9% - QQ.5%) 

Overall Agreement = (188+117)/308 = 0.987 x 100 = 98.7% (95% exact Cl: 96.7% - 99.7%) 

A subset of these specimens (35 cases) represented tissues from patients participating in the Novartis Gleevec 
dinical trial. Of these patients 21 were treated with Gleevec” (58.3%). When the same specimens were retested 
with the simulated NCTP and c-Kit phannDxTY 20 were found to be positive with all three procedures, whereas 1 
specimen was found to be negative. Among the 147 patients treated with Gleevec” in the Novattis Gleevec 
Clinical Trial it was reported that 54% had a partial response, and 28% had stable disease’. 

For a subset of 259 specimens presented in Table 4. the CD117 test result was determined at the time the 
specimens were put into the MTAs. Thirty-five of the cases were enrolled in the Gleevec dinical trials (n=35). and 
the remainder were tested in the same laboratories that had participated in the Gleevec trials. Results f?om 179 
specimens (the total was less than 259 due to speclmen loss or lack of tumor in the MTAs) are presented in Table 5 
below. These specimens demonstrated an overall agreement to the original CD1 17 status of 94.9% (95% exact Cl: 
90.7% - 97.7%).Table 5: 2x2 table of pressure cooker test results compared to Confirmed test result 

Table 5: 2x2 table of pressure cooker test results compared to Original test result 
Original tissue CD1 17 status 

Percent positive agreement= 136 I (136+6). = 0.957 x 100 = 95.7% (95% exact Cl: 91 0% - 98.4%) 
Percent negative agreement=341 (34+3); = 0.919 x 100 = 91.9% (95% exact Cl. 78.1% - 98.3%) 

Overall agreement=(l36+34)/ (179). = 0.949 x 100 = 94.9% (95% exact Cl, 90 7% - 97.7%) 

Reproducibility 
Inter-nm reproducibility (Manual Staining) 
Inter-run reproducibility was tested manually at three laboratories by two technicians in each laboratory over 3 days 
with 5 different specimens (4 positive, 1 negative in each laboratory) In the 30 tissues tested, the staining intensity 
varied by no more than +/- one staining intensity grade with the following exceptions: At sites 1 and 3, one slide 
(each) varied by two intensity grades. This was a result of tissue disruption at site I. Overall excellent 
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reproducibility (100%) was seen for positive versus negative results. 

Inter-laboratory reproducibility (Manual and Automated Staining using the Dako Autostainer) 
lmmunohistochemical staining of 30 randomized and masked specimens of various expression levels of c-kit (10 
negative and 20 positive), was performed at three geographically separated laboratories. Cut slides were 
forwarded to each testing laboratory for manual and automated staining and evaluation by a pathologist. At two 
sites, positive/negative determination of c-kit protein expression was perfect (100%) within and between 
laboratories in both manual and automated testing procedures. At site 2. duplicate sltdes of two tissues, designated 
before the study to be negative were found to be, in actuality, positive. Follow-up analysis revealed that a small 
area (approximately 20% of the tumor cells) was stained positively. This section of tumor was not seen in the 
specimens tested at the other laboratories. 

I&a-run reproducibility (Manual Staining) 
At each of the study sites, 5 slides of a same positive specimen were included in the set of 30 specimens stained 
manually. Staining intensity and percent of tumor staining were assessed. The tissue result remained positive at 
each study site, and the staining intensity remained within +/- 1 intensity grade variation. 

lmmunoreactivity 
A summary of the oKit pharmDx” assay immunoreactivtty on the recommended panel of normal tissues is 
presented in Table 6. All tissues were fonnalin-fixed and paraffin-embedded. The instructions provided and the 
reagents recommended in this package insert were used to perform 30 Normal tissue testing on the DAK0 
Autostainer 

Table 6: Evaluation of Normal Tissue Staining by c-Kit pharmDxw* 

Tissue Type (#tested) Staining Pattern 

Adrenal (3) None 

Bone Marrow (3) 

Breast (3) 

Rare mast cells (2+): cytoplasmic 

Epithelial cells (3+): membrane and cytoplasmic 

rain/Cerebellum (3) 

byoepithelial cells: (1 +): cytoplasmic 

urkinje cell processes (l+): cytoplasmic 

Brain/Cerebrum (3) 

Cervix (3) 

Uone 

None 

bon (3) bubmucosal mast cells (2+): and Lamina propria (2+) cytoplasmic 

sophagus (3) 
I 

ubmucosal mast cells (2+): cytoplasmic 

beaft (3) None 

Kidney (3) 

Lver (3) 

Tubular epithelium (2+): cytoplasmic 

None 

-uw (3) 

Mesothelial Cells (3) 

Mast cells and macrophages (2+): cytoplasmic 

Fone 

lovary (3) b one 

Pancreas (3) 

Parathyroid (3) 

Rare large duct epithelial cells (3+): Mast cells (2+): cytoplasmic 

Vane 
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Testis (3) Uone 

Thymus (3) Vane 

Thyroid (3) 

Tonsil (3) 

Vane 

Uone 

Uterus (3) one 

7he majority of tissues tested had positive staining of fibroblasts in stromal tissue (l+, fibrous) as well as mast cells 
and macrophages. Endogenous peroxidasdnduced staining of eosinophils has been observed occasionally. 
In-house studies using c-Kit phannDx demonstrated c-kit protein expression in a variety of normal cells. These cells 
include ductal and myoepithelial cells of the breast, puddnje cell processes, lamina ptopria cells of the C&HI, tubular 
epithelium of the kidney, melanocytes and myoepithelial cells of the skin, interstitial Cells of Cajal of the small 
intestine, and mast cells. The cytoplasmic reactivity in granulocytes was caused by endogenous peroxidase activity 
and was visible with the Negative Control Reagent. 

Table 7: Troubleshooting 

Problem Probable Cause Suggested Action 

1. No staining of slides. la. Reagents used in proper 1 a. Review application of reagents. 
order. 

1 b. Sodium azide in wash buffer 1 b. Use fresh, azide-free wash buffer, 
bath. materials not supplied. 

2. Weak staining of slides. 2a. Inadequate reagent incubation 2a. Review Staining Procedure instructions. 
times. 

2b. Inappropriate fixation method 2b. Ensure that patient tissue is not over- 
used. fixed or that non-approved fixative is not 

being used. 

2c. Inadequate target retrieval 2c.Verify that the Target Retrieval Solution is 
with Target Retrieval Solution. incubated at 95-99X for 20 minutes or 

that the water bath or pressure cooker is 
functioning properly. 

3. Excessive background 3a. Paraffin incompletely 3a. Use fresh clearing solutions and follow 
staining of slides. removed. procedure outlined in the 

Deparaffinization and Rehydration 
section. 

3b. Starch additives used in 3b. Avoid using any additives for adhering 
mounting sections to slides. sections to glass slides. Many of these 

are immunoreactive. 

3c. Slides not thoroughly rinsed. 3c. Use fresh solutions in buffer baths and 
wash bottles. 

3d. Sections dried during staining 3d. Use a humid chamber for incubations of 
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4. Tissue detaches from 
slides. 

procedure. 

3e. Non-specific binding of 
reagents to tissue section. 

4a. Use of incorrect sbdes. 

30 mmutes. 

3e. Check for proper fixation of the specimen 
and/or the presence of necrosis. 

4a. Use charged (Fisher’s SuperFrost Plus) 
or DakoCytomation’s Silanized Slides 
(code S3003). 

5. Excessively strong 
specific staining. 

5a. Inappropriate fixation method 5a. Ensure that only approved fixatives and 
used. fixation methods are used. 

5b. Reagent incubation times too 5b. Review Staining procedure instructions. 
long. 

5c. Inappropriate wash buffer 5c. Use only the wash buffer that is 
used. recommended for use with the kit. 

5d. Inappropriate use of humid 5d. Use a humid chamber for incubations of 
chamber. 30 minutes. 

6. Weak staining of the 2+ 6a. Inadequate target retrieval. 6a. Verify that the target retrieval procedure 
control slide cell line. was performed property. 

6b. Inadequate reagent incubation 6b. Review Staining procedure instructions. 
times. 

6c. Degradation of Control Slide. 6c. Check expiration date and kit storage 
conditions printed on package label. 

Note: Refer to the Troubleshooting section in the DakoCytomation Handbook: lmmunochemical Staining Methods, 
3rd 18Edition’8, the Atlas of nlmmunohistolog~, or lmmunoperoxidase Techniques. A Practical Approach to Tumor 
Diagnosi? Contact DakoCytomation Technical Support to report unusual staining. 
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